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EXECUTIVE  SUMMARY 

The  mammalian  retina  was  found  to  contain  an  inilependeni  circadian  oscillator  which 
regulates  the  syndesis  of  melatonin  and  has  effects,  through  a  presently  unknown 
pathway,  on  the  circadian  rhythm  of  locomotor  behavior  in  intact  animals 

Electrical  recordings  were  siiccessfiilly  obtained  from  several  brain  regions  of  hitact, 
behaving  hamsters.  The  suprachiasmatic  nucleus  (SCN)  expressed  circadian  rhythms  of 
electrical  activity  with  peak  electrical  activity  fluring  the  animals’  "day"  (inactive  period), 
and  low  activity  during  die  animals’  night  (active  period).  The  electrical  activity  in  the 
bed  nucleus  of  the  stria  tcrmiiialis  was  in  phase  willi  that  in  the  .SCN.  All  other  brain 
regions  studied  showed  electrical  rhytluus  with  the  opposite  phase. 

The  circadian  mutation  tau  was  found  to  affect  the  period  and  the  temperature 
compensation  mechanism  of  the  oscillator  m  the  cultured  retina  as  well  as  the  dynamics 
of  c-fos  induction  in  the.  SCN. 

Tau  mutant  haiusicrs  were  found  to  have  significantly  altered  responses  of  their  circadian 
rhythms  to  GABAcrgic  pharmacological  agents. 

A  model  system  was  developed  (using  the  green  iguana)  with  which  it  is  pos.sihle,  tor  the 
first  time,  to  study  the  interaction  of  multiple,  distributed  ckcadian  oscillators.  This  is 
the  only  available  experimental  model  of  human  circadian  dissociation. 
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Circadian  Properties  of  tiie  tah  Mutant  Retina 

The  tau  mutatioa  changes  the  response  of  the  circadian  system  lo  phase  shifting  light 
pulses  in  a  way  that  is  both  dramatic  and  subtle.  If  one  measures  the  response  of  the  circadian 
rhythm  of  locomotor  activity  to  single  light  pulses  presented  in  the  standard  manner  [i.e.,  light 
pulses  given  at  different  circadian  times  to  animals  that  have  been  in  constant  darkness  (DD)  for 
one  week],  one  finds  no  difference  between  the  responses  of  tau  mutant  and  wild  type  animals. 
If.  on  the  other  hand,  one  waits  until  the  animals  have  been  in  DD  for  seven  weeks,  the 
amplitude  of  the  tau  mutant  response  increases  dranutically  whereas  that  of  the  wild  type 
animals  increases  only  slightly  if  at  all'  (Fig.  1).  Because  of  our  ignorance  of  the  molecular 


Circadian  Time 

Fig.  1 .  (A)  Phase  response  curves  measured  at  2-hr  mtervals  for  homozygous  tau  mutant  Inaustcrs  (•)  and  wild  type 
hamsters  (O)  after  7  days  in  constant  darkness  plotted  on  equivalent  circadian  coordinates^.  (B)  Phase  rosponse  curves 
measured  at  3  hour  intervals  for  homoqrgous  tou  mutant  liamsicrs  after  7  (•)  and  49  («)  days  in  eon  want  darkness. 

biology  of  the  tau  gene  we  do  not  yet  know  whether  this  change  is  a  direct  result  of  the  muiatiou 
acting  on  the  clock  mechamsm  or  an  indirect  consequence  of  its  interaction  with  ocher  genes  that 
may  modify  the  light  response,  a  more  immediately  accessible  set  of  questions  concerns  the 
pliysiulugical  level  of  organization  at  which  this  effect  occurs.  Is  it  only  behavior  that  responds 
in  this  way?  Can  the  response  be  localized  specifically  to  the  S(::n  or  perhaps  to  one  or  more 
of  the  mput  or  modulatory  pathways  that  are  known  to  modulate  SCN  activity?  We  have 
approached  the  first  of  these  questions  by  exaiiiiuiiiiy;  ihc  effects  of  light  pulSes  on  a  non- 
behavioral  end  point,  c-fos  induction. 

We  compared  li^t-induced  c-fos  expression  in  the  SCN  of  tau  mutant  hamsters  that  had 
been  in  DD  for  either  2  or  49  days.  Photic  thresholds  for  light-induced  behavioral  phase  shifts. 
c-fos  mRNA,  and  Fos  immunoreactivity  were  closely  correlated  within  both  groups,  and  these 
thresholds  were  lower  (more  sensitive  to  light)  after  49  than  after  2  days  in  DD.  This 
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correlation  between  phase  shifting  and  Fos  induction  thresholds,  under  conditions  where  both 
respomes  arc  dramatically  altered  by  the  previous  light  history,  suggests  Fos  may  play  a  role 
in  hghractiva^  siting  mechanisms  leading  to  phase  shifting.  However,  the  mLimum 
amplitudes  of  Fos  mductm  and  phase  shifting  were  not  correlated  in  animals  that  had  been  in 
DD  for  2  days  (Fig  2).  This  suggests  that  if  Fos  docs  play  such  a  role,  irs  level  of  expression 
does  not  directly  determine  phase  shift  amplitude.  We  propose  to  approach  the  second  ^estion 
(IS  the  ettect  limned  to  SCN  oscillators?)  by  asking  cxpcrimcuuUly  whether  we  can  dem^iraie 
the  phenomenon  in  isolated  retina, 


Log  Irradiance 


Rg.  2,  Diagrammatic  Ulustraiifm  of  the  dungei  in  dw  nladoiuhip  between  Fm  iodiwdun  mid  phase  shift  resoonse  in 
hnn^r,  held  for  2  or  49  day,  b  DD*.  Note  (he  discrepancy  between  the  amplimde  of 
the  Fos  response  m  rhe  2-day  DD  aninuLa. 


Wc  have  recently  shown  that  the  hamster  retina  expresses  a  circadian  rhythm  of 
melatonm  synthesis  when  it  is  isolated  and  maintained  in  culture.  Fuitheimore,  the  period  of 
*is  rhythm  is  deierm^  by  the  genotype  of  the  animal:  retinas  cultured  from  wild  type 
hamsters  have  melatonin  rhythms  with  periods  of  approximately  24  hours,  whereas  retinas  from 
homozygous  tau  mutant  hamsters  have  approximately  20  hour  periods^  (Fig,  i).  This  makes 
it  clear  that  the  mutation  has  affected  the  circadian  oscillator(s)  in  the  retina,  as  well  as  those 
in  the  SCN.  Our  first  set  of  experiments  wiU  ask  directly  whether  the  m  mutation  has 
produced  the  .same  kinds  of  changes  in  the  response  to  phase  shifting  light  pulses  in  the  isolated 
retina  as  it  has  produced  in  the  behavioral  response. 

In  addition  to  affecting  the  period  of  the  retinal  oscillator  the  tau  mutation  affects  the 
temperature  coinpcusation  of  the  period.  The  circadian  period  of  the  cultured  lau  mutant  retina 
remains  temperature  compeusaicd  (its  Q,o  is  barely  within  the  accepted  circadian  range)  however 
the  effect  of  temperature  on  period  is  considerably  greater  in  mutant  than  in  wild  type  retinas 
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27  30  Ji 
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27  30  33 
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Fig.  3.  ROytluns  of  ffleuuam  tyulusii  fram  liagle  Fig,  4.  Th*  efibct  of  culmie  tempcracure  on  ih«  ftee- 
Bcunl  teuai  of  (A)  wili-type  ioA  (B)  bomozygoui  <ou  moiling  perioi  of  tlie  nelaianin  wnihenj  rhythm  in 

outanl  huuien  culoired  at  27»C  in  eoutaat  daifawn,  isolated  hamsier  retina.  Daa  in  die  upper  panel  are 

(C)  Free-running  rhy  ihnu  of  pulainilB  syollUaU  Oy  fitni  wikl-iype  hunstm.  while  dioM  in  the  lower  panel 

wild-type  sad  mu  mutant  radnaa.  The  data  (mean  ±  are  fioia  ««  muiani  Hamsters.  Note  the  marlced 

SEM)  an  (los  four  wild-type  oamflnr  nmuu  (O)  and  difiineKe  in  Q,,, 

four  hofflsygotia  mutant  hamster  retinas  (#),  and  the 
two  data  sets  wen  noinialized  to  the  lint  of  the  fim 
peak*. 

(Fig. 4).  In  a  second  set  of  experiments  wc  will  investigate  the  influeuce  of  culture  temperature 
on  the  phase  shifting  effects  of  light  pulses  given  to  tau  mutant  and  wild  type  iciinas.  In  a 
recent  paper,  Barrett  and  Takahashi^  found  that  a  3®C  difference  in  culture  tcmperatui'c  has  a 
large  effect  on  the  amplitude  of  light-induced  phase  shifts  in  cultured  chick  pineal  cells.  They 
explain  this  (and  other  data)  on  the  basis  of  an  effect  of  temperature  on  the  umpliTudc  of  the 
underlying  circadian  oscillators-the  lower  temperature  decreases  the  amplitude  of  the  oscillators, 
making  it  "easier*  to  phase  shift  and  thus  enabling  a  larger  phase  shift  in  response  to  a  given 
signal.  We  favor  a  similar  explanaiiun  for  the  effect  of  the  tau  mutation  on  phase  shifts  of  the 
locomotor  rhythms  (during  prolonged  exposure  to  constant  darkness,  the  amplitude  of  tau 
mutants’  oscillators  declines  more  than  docs  the  amplitude  of  the  wild  types’  oscillators)  Does 
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such  an  amplitude  change  occur  in  the  hamster  retina  in  response  to  culture  temperature,  and 
is  the  change  larger  (as  we  might  expect  on  the  basis  of  the  locomotor  data)  in  tau  mnranr  than 
in  wild  type  retinas?  Note  that  the  isolated  retina  is  the  only  mammalian  preparation  in  which 
the  effects  of  both  light  and  temperature  and  their  interactions  can  be  measured,  as  the  whole 
animal  homeostatically  defends  its  body  temperature  and  the  isolated  SCN  preparation  is  not 
light  sensitive.  These  experiments  will  provide  direct  answers  to  questions  about  the  dependence 
of  retinal  oscillator  properties  on  previous  light  history  and  culture  temperature,  and  should  also 
begin  to  localize  the  system  level  effects  of  prolonged  dark  exposure  by  either  implicating  or 
eliminating  the  retinal  circadian  oscillators. 

Interaction  of  the  retina  with  circadian  QsciLt.ATnps  in  thf  scn 

We  have  known  for  some  time  that  circadian  locomotor  behavior  is  controlled  more  or 
less  directly  by  oscillators  in  the  SCN,  and  that  in  mammals  phase  shifting  and  entraining  light 
signals  arrive  at  the  SCN  only  from  retinal  photoreceptors.  We  now  have  evidence  to  suggest 
that  the  retinas  influence  the  properties  of  the  SCN  (inferred  from  locomotor  behavior)  in  the 
absence  of  light.  We  performed  a  series  of  eiqjeriments  in  which  properties  of  free  running 
locomotor  rhythms  were  compared  between  wild  type  hamsters  enucleated  at  different  ages  and 
controls  placed  in  DD  at  the  same  time.  The  distribution  of  free  running  periods  was 
significantly  different  in  the  enucleated  than  in  the  DO  control  group,  regardless  of  the  age  at 
which  they  were  enucleated  (1,  7  or  28  days  postnatally).  Raw  data  from  the  day  1  group  and 
summaiy  data  from  all  three  groups  are  shown  in  Figure  5.  Clearly  the  robust  effect  of 
enucleation  on  the  absolute  value  of  the  free  running  period  is  not  a  developmental  effect  since 
retinal  connections  in  hamsters  are  fully  formed  before  day  28.  Our  preliminary  interpretation 
of  this  result  is  that  the  absolute  value  of  the  free  running  period-a  value  which  critically 
influences  adaptive  phase  relationships  within  the  organism  and  to  environmental  cycles-'depends 
on  continuous  interaction  (coupling)  between  circadian  oscillators  in  the  retina  and  others  in  the 
SCN. 

The  simple  experiment  outlined  above  revealed  a  second  effect  of  enucleation-an  effect 
on  the  duration  of  the  active  portion  of  each  cycle  (a).  In  contrast  to  the  effect  on  period,  the 
effect  on  a  appears  to  be  developmental;  it  occurs  in  animals  enucleated  on  day  1  or  7  but  not 
in  those  enucleated  on  day  28  (Fig.  6).  Our  preliminary  interpretation  of  this  result  is  that 
enucleation  before  organization  within  the  SCN  has  been  completed,  deprives  the  SCN  of  retinal 
input  (perhaps  rhythmic  input)  which  is  necessary  to  produce  normal  coupling  among  the 
circadian  oscillators  within  the  SCN.  There  is  strong  evidence  supporting  the  idea  that  the 
duration  of  a  depends  on  phase  relationships  among  circadian  oscillators.  In  its  simplest  form 
this  idea  has  been  elegantly  articulated^  as  the  dependence  of  a  (in  rodents)  on  the  phase  angle 
between  two  oscillators-E,  which  controls  that  portion  of  the  active  period  that  occurs  in  the 
early  subjective  night  (Evening)  and  M.  which  controls  activi^  occurring  in  the  late  subjective 
night  (Morning).  Since  the  function  being  regulated-'activity>*is  under  direct  SCN  contror  *, 
it  is  reasonable  to  assume  that  the  E  and  M  oscillators  are  located  within  the  SCN.  If  the  above 
chain  of  reasoning  is  correct,  then  the  increase  in  a  caused  by  enucleation  early  (but  not  late) 
in  development  has  been  produced  by  a  permanent  change  in  the  coupling  of  E  and  M  oscillators 
within  the  SCN.  An  increase  in  a  implies  an  increase  in  the  phase  angle  between  £  and  M, 
probably  resulting  from  weakened  coupling  between  them.  The  tau  mutation  is  known  to 
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Fig.  5(A).  Indtvi4ttil  nuixiii|  wbed  rccordi  of  lb  wild-iype 
Syriin  hunatm  held  m  coiutus  dirkne^i  for  5  moadn. 
The  record!  hevo  heeo  douhle-ploOed  aod  gready  reduced  in 
fiae.  The  10  record!  on  rbe  left  ire  ftom  AfiimaU  blinded  oy 
C^dc  emicleaiion  on  poitnital  day  l .  The  9  recordi  oq  ihe 
right  are  ftom  iu^t  laintiU.  Note  the  increaaed  variabilicy 
of  Ou^ntfining  period  in  the  enucleated  minuii. 


Fig.  5(B).  C'onparisoQ  of  free«ninning  penodi  of  locomotor  aedviQ^  between  hamsters  enucleated  at  the  Umes  indicated 
(i2h*  12  houn  a^r  binb,  7  days  and  4  weeks  after  biidi)  and  intact  control!  placed  in  constant  darlasesi  at  the 
rime.  Each  line  is  a  tracing  of  the  activity  onsets  from  a  single  individual.  The  records  are  approximately  5  months 
long, 
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Vertical  bars  Indicate  meaniSE 


Fig.  6.  The  Hrsc  3  puiiclj  (labeled  Gnsupi  I,  2  and  3)  ploc  the  change  with  age  ia  the  absolute  duiadon  of  the  active 
phaae  (or)  of  the  activity  cyclti  of  iflueleated  (filled  syraboU)  oad  iatiot  coxitrob  (opea  aymboU)  kept  in  DD.  The  three 
groups  were  etmcleated  or  placed  in  DD  at  12h.  7  days  or  4  weeks  after  binh.  The  4th  panel  plots  all  6  curves  on  the 
same  axes  to  emphoitze  the  effect  of  early  (I2h,  7d)  but  not  late  (4  wk)  enucleiuoa. 
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destabilize  the  circadian  system’  perhaps  by  weakening  the  coupling  among  constituent  circadian 
oscillators  and  therefore  we  expect  an  even  more  robust  developmental  effect  of  enucleation  on 
tau  than  on  wild  type  auiiiials.  Changes  in  coupling  among  circadian  oscillators  within  the  SCN 
should  be  reflected  in  the  electrical  activity  of  that  hypothalamic  area  and  perhaps  in  its  phase 
relationship  with  its  output  areas  elsewhere  in  the  braha. 

Our  preliminary  data  indicates  that  there  arc  robust  circadian  rhythms  of  electrical 
activity  both  within  and  outside  the  SCN  in  awake,  behaving  hamsters  of  mu  as  well  as  wild 
type  genotype.  Electrical  rhythmiciiy  recorded  within  the  SCN  has  a  period  of  *24  hours  in 
wild  type  hamsters  and  *20  hours  in  homozygous  mutants.  Electrical  activity  k,  as  expected, 
highest  during  the  animals’  day  when  locomotor  activity  is  lowest,  and  there  is  a  one  to  one 
correlation  between  bouts  of  locomotor  activity  (occurring  at  any  time  of  the  day  or  night)  and 
suppression  of  electrical  activity  in  the  SCN.  There  are  also  ultradian  rhythms  ( *  15  and  »=  80 
uiLnuies)  that  are  not  affected  by  the  mutation  (Fig,  7).  As  has  been  previously  reported*’, 
there  are  circadian  electrical  rhydims  present  in  several  areas  outside  of  the  SCN  that  are  180® 
out  of  phase  with  SCN  ihyihnw,  but  in  addition,  we  have  found  several  other  brain  areas  that 
are  in  phase  with  the  SCN  (bed  nucleus  of  the  stria  termlnalis;  Fig.  8).  We  will  study  the 
effects  of  early  and  late  enucleation  on  the  subsequent  patterns  of  elecirical  activity  in  the  brains 
of  adult  animus,  first  in  wild  type  hamsters  and  then,  if  their  locomotor  responses  to  enucleation 
warrant  it,  in  tau  mutant  animals.  In  these  studies  we  will  pay  particular  attention  to  the 
relationship  between  locomotor  activity  and  electrical  activity  and  to  phase  relationships  among 
rhythms  in  different  brain  areas. 

Enucleation  causes  degeneration  of  the  optic  nerves  and  produces  damage  in  all  the 
reiino-reclpleni  areas  of  the  brain,  llius  it  is  possible  that  the  effects  of  enucleation  on  circadian 
parameters  are  due  to  damage  that  is  too  non-specific  to  be  useful  in  dissecting  circadian 
organization.  At  least  two  considerations  mitigate  again.st  this  conclusion;  first  the  effects  are 
not  global;  only  the  distriburion  of  free  running  periods  is  affected  by  enucleation  at  any  age  and 
only  a  is  affected  dcvelopmcnially;  second,  wc  have  been  unable  to  find  any  differences  in 
immunocytochcmical  amounts  or  localizaiious  of  NPY,  VIP.  AVP.  or  Calhindin  between  the 
SCNs  of  early  enucleated  and  control  animals  (we  have  not  yet  examined  the  brain.?  of  rhe 
anlmds  enucleated  at  28  days;  Fig.  9).  This  suggests  that  there  may  be  specific  neurochemical 
deficits  in  the  SCN  produced  by  enucleation  which,  when  uncovered,  may  lead  us  to  the 
particular  roles  played  by  specific  pathways  and  transmitters.  At  least  it  is  clear  that  die  SCN 
is  not  ma.?.?ively  damaged  by  enucleation.  We  will  continue  to  investigate  the  SCNs  of 
enucleated  animals,  expanding  our  immunocytocbemical  search  to  include  serotonin,  GABA, 
somatostatin.  GFAP  and  ocher  peptides  found  in  SCNs  of  intact  animals. 

Effects  op  GABA  agonists  &  antagonists  on  tau  mutant  ako  wild  type  hamsters 

The  modulatory  role  of  GABA  on  circadian  rbyihmlcity  has  been  known  to  be  complex 
since  the  experiments  10  years  ago  with  bicuculline.  diazepam  and  baclafen“’’^'‘^.  These 
drugs  block  ^e  phase  shifting  effects  of  light,  but  only  at  specific  phases  in  the  circadian  cycle 
(bicuculline  only  in  the  first  half  of  the  subjective  night,  diazepam  only  iu  die  second  half). 
Recently  the  situation  has  become  more  complex  with  the  discovery  that  within  the  SCN,  GABA 
appears  rn  tiinction  as  an  inhibitory  neurotransmitter  during  the  night,  but  as  an  excitatory 
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Fig.7.  Neural  acUviiy  records  Itom  an  awake,  bebaving  wild-iype  hamster.  The  period  of  the  auvelope  of  electrical 
aenvity  recorded  both  the  SCN  and  the  atria  ia  ^loaimaiely  24  houra,  as  Is  (He  period  of  the  wheel  ninmng 
acuvity  recorded  slmultaaeously  (3rd  panel).  TTie  phase  reladonship  between  iha  ihytha  in  the  SCN  and  the  locomotor 
rhythm  la.  as  expected,  1 80*.  TTre  SCN  and  ihe  suia  are  exacfly  in  phaae.  ims  phase  relationship  is  unusual:  most 
brain  areas  are  180’  out  of  phase  with  the  SCN  (see  FigiS).  The  above  phase  rcladoDahipa  are  luainuiined  at  the  level 
of  fine  structure  shown  iu  ibe  lower  two  panels  in  which  a  24  hour  segment  of  the  data  has  been  expanded  (locomotor 
acnviiy  is  here  mdieated  by  the  blaek  bare  along  the  top  of  each  panel). 
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Fig.  8.  Neural  acdviiy  records  from  an  awake,  behaving  tau  mutant  hamster.  Data  are  ploned  as  in  Figure  7.  The 
period  of  the  rhythm  in  the  SCN  is  approaimately  20  hours  and  it  is  180*  out  of  phase  with  both  the  locomotor  activity 
and  the  electrical  activi^  in  the  caudate  putamen.  The  phase  relationships  are  maintained  at  the  level  of  fine  temporal 
structure  Qower  two  panels). 
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Fig.9.  Serial  coronal  sections  through  the  SCN  of  enucleated  (right  panel)  and  intact  controls  (left  panels)  suined  foi 
VIP,  aVP,  NPY,  and  Calbindin.  There  are  no  clear  differences  between  enucleated  animals  and  intact  controls  kep 
in  DD,  either  in  localization  or  content  of  VIP,  AVp,  NPY  or  Calbindin,  demonstrating  that  enucleation  does  not  causi 
major  non-specific  damage  to  the  SCN. 
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Fig.  10.  Tlie  effects  of  bicucuUine  on  Ugbi-lnduced  phase  shifts  in  wiU-type  and  tau  iHiimnt  hamsters,  (a)  Vehicle  does 
not  block  phase  delay  in  either  group,  bicueulliae  blocks  phase  delay  in  wUd^pe  but  not  in  tau  mutant  'animals.  (•: 
P^O-05;  t9‘,  p  <0.01t  0*^9  for  eaeh  column)  (b)  Lack  of  dose/response  relatlODabip  in  ton  mutant  hamsters  (n™5-7 
for  each  point;  dose/response  curve  for  wild^ypa  published  in  teCT  1^;  (e)  Lack  of  effect  of  bicucuUine  on  phase 
advancing  light  pulse  given  at  CT  18  to  mu  mutant  hamsters  (n«d  for  each  column;  the  same  lack  of  effect  is  seen  in 
wUd*iypea,  see  refl  1 1). 
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Fig.  11.  Tbe  effecu  of  diazepun  on  lighModuced  phiae  shiAa  in  wild*cype  ud  tau  mutant  hamsien.  (a)  Vebicle  does 
not  block  phase  advances  in  either  group,  diazepam  does  not  block  phase  advances  to  the  same  extent  in  tou  mutants  as 
it  does  in  wild-types  (#;  p  <0.05,  l#:p<0.01;  n*8  for  each  cehunn).  (b)  Dose  response  curves  for  the  blocldng  effect 
ofdiazepam  in  wild-type  and  r(ninmtanianinuls(na4-7 for  eachpoint;l;p<0.0S:l'#:p<0.01;  ■:p<0.05}.  Note  that 
the  effects  on  ran  mutants  are  significantly  smaller  at  the  three  higher  doses,  (c)  Diazepam  does  not  have  a  significant 
blocldng  efiect  on  light-induced  delays  at  CT  13.5  (also  true  for  wild-types,  see  ref.#  12). 


TEL:804  982  5626 


P.016 


JAN. -26; 98 (MON)  17:39  UVA  BIOLOGY  DEPT. 


neurotransminer  during  the  day‘\  Our  preliminaiy  data  Indicate  that  the  tau  mutation 
dramatically  alters  the  hamster’s  response  to  both  bicuculline  and  diazepam. 

In  marked  contrast  to  its  effects  in  wild  type  hamsters,  bicuculline  fails  to  block  the  phase 
delaying  effects  of  single  light  pulses  administered  in  the  early  subjective  night;  furthermore  the 
effect  of  diazepam  on  phase  advances  produced  by  single  light  pulses  administered  in  the  late 
subjective  mght  is  greatly  attenuated  in  tau  mutant  as  compared  with  wild  type  animals  (Figs 
10  and  11).  These  data  suggest  that  the  sensitivity  of  the  circadian  oscUlators  to  the  modulatory 
effects  of  GABA  has  been  altered  by  the  tau  mutation,  an  effect  which  is  not  predicted  by 
anything  that  we  currently  understand  about  the  mechanism  underlying  the  effects  of  any 
circadm  peric^  mutation.  Any  such  effect  raises  a  great  many  questions,  e.g. ;  might  a  rhang^. 
in  GABA  sensitivity  account  for  the  entire  effect  of  the  mutation?  If  not  (as  m^ty)  then 
does  the  effect  on  GABA  sensitivity  occur  at  the  system  level--among  and  between  neurons 
withm  the  SCN,  or  those  outside  it  which  regulate  its  fimclion-or  at  the  cellular  level,  in  the 

channels  and  receptors  of  the  SCN  cells  that  are  expressing  circadian  oscillations,  or  at  both 
levels? 

In  ^ture  work,  we  will  attempt  to  begin  to  unravel  this  complex  situation  by  extending 
our  analysis  from  the  behavioral  to  the  neurophysiological  level.  In  awake,  behaving  anifriaje 
we  will  record  (for  the  first  time)  the  neural  response  of  the  SCN  to  single  light  signals 
presented  either  in  early  or  late  subjective  night.  We  will  assess  this  response  in  both  wild  type 
and  tau  mutant  animals  and  then  determine  how  it  is  affected  by  bicuculline  and  diazepam. 
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